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WATER PLANT OPTIMIZATION STUDY 


BURLINGTON WATER PURIFICATION PLANT 


Summary of Findings and Recommendations 


This Water Plant Optimization Study (WPOS) was initiated by the Ministry of the 
Environment (M.O.E.) to review the operating conditions over a 3-year study period and 
determine an optimum treatment strategy for contaminant removal at the Burlington Water 
Purification Plant. This optimization study is part of the on-going Drinking Water 
Surveillance Program (DWSP) which has been implemented to provide a continuously 
updated database on Ontario drinking water quality. 


‘The Burlington Water Purification Plant is generally well run and plant performance in 
terms of both turbidity removal and disinfection has been excellent. 


The following recommendations are made in an effort to optimize plant performance: 


Studies 


e Conduct a Filter Media Study to determine media intermixing and 
efficiencies of the backwash process. (This recommendation has already 
been implemented:) 


Conduct bench-scale and plantscale studies to assess the use ‘of poly- 
aluminum chloride as a primary coagulant. 


fee the effectiveness of the existing coagulant aid including the 
location of the polymer injection point as well as the mixing efficiency of 
the polymer and alum. 


e Conduct a plant flow audit to ensure that the measuring components are 
' performing within accurate ranges. 


Evaluate the use of powdered activated carbon and/or granular activated 
carbon for taste and odour control. 
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Review the existing wastewater system to ensure there are not 
unnecessary overflows to the lake. 


Investigate the plant hydraulics. 


Review the chlorination system to determine if there is any need to 
increase post-chlorination time. 


Plant Modifications 





Install a streaming current monitor to assist in determining optimum 
coagulant dosages. 


Replace mercury float switches at various locations throughout the plant. 


Review and upgrade laboratory equipment. 


Install in-line continuous turbidity monitoring systems for each filter. 


Monitor the integrety of the P.V.C. liners in the wood stave 
hydrofluosilicic acid and aluminum sulphate storage tanks on a regular 
basis. 


An emergency contingency plan should be developed for the Burlington 
Water Purification Plant. This plan should address emergency situations 
in the plant including chemical spills. As part of this plan, a software 
package should be prepared to allow for simulation of situations as part 
of the operator training. 
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ONTARIO MINISTRY OF THE ENVIRONMENT 


BURLINGTON WATER PURIFICATION PLANT OPTIMIZATION STUDY 
M.O.E. PROJECT NO. 7-2017 


TERMS OF REFERENCE 


The Drinking Water Surveillance Program (DWSP) of the Ontario Ministry of the 
Environment (M.O.E.) consists of a continuously updated base of information on Ontario 
water treatment plants and water quality. For each plant entering the program, a specific 
_ plant investigation and process evaluation study is required. The purpose of this study, 
the Water Plant Optimization Study (WPOS), is to document and review the existing 
operating conditions and to determine an optimum treatment strategy for contaminant 
removal at the plant. The Ministry of the Environment has prepared a detailed Protocol 
for the Water Plant Optimization Study which has been distributed to the Consultants 
engaged for the studies. This particular study for the Burlington Water Purification Plant 
has been conducted in accordance with the Protocol. 


INTRODUCTION 


The Burlington Water Purification Plant (W.P.P.) is located on Lakeshore Road 
approximately one kilometre west of Walkers Line at the Lake Ontario shoreline in the City 
of Burlington, as indicated on Drawing No. 1. The service area extends as far north as 
Highway #5 between Burloak Drive and Waterdown Road. A small portion of south west 
Oakville, west of Bronte Creek is also serviced by the Burlington Water Distribution 
System. 


The Burlington W.P.P. High Lift Station supplies water directly to the service area near the 
lake (pressure Zone #1), as well as providing water to the Kingsway, Brant Street, 
Washburn and Mount Forest Pumping Stations for re-pumping to successive pressure 
zones at higher elevations. 


PLANT BACKGROUND 
The Burlington Filtration Plant was originally constructed in 1935. The first major plant 
expansion was undertaken in 1950. Two filters and settling basins were added to 


increase filtration capacity. In 1954 another intake and a new raw water low lift pumping 
station was constructed. In 1956 two additional filters and settling basins were 
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constructed. Another major expansion took place in 1960 including two filters, settling 
basins, new low lift pumping station and modifications to the high lift station. A new 
intake was constructed in 1963. in 1970 two new filters were constructed to meet 
maximum day conditions, along with the addition of low lift and high lift pumps. In 1977 
the Burlington Water Purification Plant underwent a six year program of expansions and 
renovations that were completed in 1983. The major expansions included: 


A computerized supervisory and control system 
A new high lift pumping station - 
. Additional filtration capacity (four filters) 
A new chemical building | 
Additional raw water pumping capacity 
A new administration/control building 


O U1 B G) D > 


OPERATION OVERVIEW 


The Burlington Water Purification Plant receives its raw water supply from Lake Ontario 
and treats it through a direct filtration process. The major process units are as follows: 


a) Intakes, Screens and Low Lift Pumping 
b) Flocculation 

c) Filtration 

d) Clearwell Storage 

e) High Lift Pumping 


Each of these major process units is described in Section C of this report. 
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SECTION A 





RAW WATER SOURCE 
GENERAL 


The source of the raw water for the Burlington Water Purification Plant is Lake 
Ontario. There are two intakes through which the raw water flows by gravity. 
At present, treatment provided for the raw water includes screening, flocculation 
and filtration with chemical treatment consisting of chlorine disinfection, 
aluminium sulphate and polymer for coagulation, and fluoridation. The Regional 
laboratory analyzes for general chemistry, metals (iron only), purgeables, 
organochlorides, and bacteria. Chemical samples at the Burlington Water 
Purification Plant are analyzed monthly by the M.O.E. under the DWSP program. 


In the years 1984 to 1986, the general raw water quality parameters varied as 
follows: 


Turbidity (FTU) 0.48 - 62.0 
Colour (TCU) <0.5 - 8.0 
Temperature (°C) 2-24 


Alkalinity (mg/L as CaCo,) 93.3 - 103.3 
Hardness (mg/L as CaCo,) 125.5 - 138.7 
pH 7.7 - 8.4 
Ammonia (mg/L) 0.00 - 0.36 


The quality of the water has been categorized as physical, microbiological, 


radiological and chemical in the following sections. The source and methods 
used for determining quality, validity of data and seasonal trends have been 
noted where applicable. 


PHYSICAL WATER QUALITY 





The physical water quality characteristics, other than turbidity, do not directly 


affect the safety of supply; however, they may cause aesthetically objectionable 
effects. The physical qualities such as colour, clarity, taste, odour and 
temperature effect the acceptability of drinking water to consumers. 
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A.2.1 


A.2.2 


Colour 


Tables 5.0 to 5.2 in the Appendix list the colour levels measured in the raw and 
treated waters by the Ontario Ministry of the Environment laboratories. The 
results of the three year period from 1984 - 1986 are also summarized in 
Table A1. 


TABLE A1 


BURLINGTON WATER PURIFICATION PLANT 
COLOUR LEVELS SUMMARY 


1984-1986 
1984 1985 : 1986 
RAW RAW RAW 
* Maximum 8.0 4.75 6.0 
* Minimum 3.0 2.0 <0.5 
* Average 5.5 2.94 2.9 


* All units in TCU 


The raw water sample results indicate that the average colour level is 5.5 TUC 
(True Colour Units). The raw water colour varied from <0.5 to 8.0 TCU during 
the period of 1984-1986. The treated water sample results indicate that the 
colour levels are well below 5 TCU over the same period. According to the 
Ministry of the Environment, Ontario Drinking Water Objectives, colour becomes 
noticeable to consumers at levels greater than 5 TCU. There seems to be no 
seasonal trend with respect to colour, according to the data presented herein. 


Temperature 


The temperature of the raw water at the Burlington Water Purification Plant 
ranges between 2°C recorded in February/March 1986 and 24°C in August 
1984. There are no set limits for the temperature of drinking water but the 
palatability is enhanced by its coolness. It is desirable that the temperature of 
drinking water be less than 15°C. | 
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A.2.3 


A.2.4 . 


Taste and Odour 


The Burlington Water Purification Plant presently does not treat for taste and 
odour problems. Provisions are available to use chlorine dioxide for taste and 
odour control but this has not been necessary. There have been very few taste 
or odour occurrences recorded over the three year study period. Chlorine 
dioxide was used until December 12, 1985 after which its use was discontinued. 
It was found that there was a metallic taste imparted to the water by the chlorine 
dioxide. 


Turbidity 


Turbidity is the general term given to silt, sediment, algae, and other particulates 
in water that may shield microorganisms from a disinfectant. 


The Ministry of the Environment Ontario Drinking Water Objectives require that 
the turbidity of finished water leaving a water plant not exceed one turbidity unit 
(1 Formazin turbidity unit - FTU or 1 nephelometric turbidity unit - NTU) for 
health considerations. The turbidity of the raw and treated waters measured at 
the plant is tabulated and summarized in Tables 2.0 and 2.1 in the Appendix. 
The levels measured at the MOE laboratories are summarized in Tables 5.0 
to 5.2. 


The raw water turbidity at the Burlington Plant varies seasonably and is higher 
in spring possibly due to runoff and greater rainfall. The two intakes extend 
500 m and 734 m into Lake Ontario, with intake cribs submerged approximately 


9.0 m at low lake levels, and are not normally affected by everyday lake 


turbulence. Over the three year study, the turbidity varied from a low of 
0.48 FTU to a high of 62.0 FTU. Typically the raw water turbidity is less than 
4 FTU. 


Plant and laboratory turbidity measured values do not always coincide, but the 
variations are minor (probably due to variations in calibration) and the observed 
values are consistent. Effluent turbidity was below 1.0 FTU (often well below) 
on all but two days during the study period. 
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A.3.1 


A.3.2 


A.3.3 


CHEMICAL WATER QUALITY 
pH 


The pH of raw and treated water is measured on-site by the Region of Halton’s 
plant operation staff. The pH is measured three times daily and is determined 
colourimetrically using a spectrophotometer. The pH of raw water is also 
monitored and recorded continuously by the computer. The raw water pH 
varied between 7.7 to 8.4 over the three year period 1984-1986. The results 
indicate that the pH of the raw and treated water is well within the Ontario 
Drinking Water Objectives range of 6.5 and 8.5 and does not fluctuate 
significantly. 


The pH is also measured by the MOE and the results correspond closely with 
the plant and laboratory measurements. The MOE laboratory results are 
summarized in Tables 5.0 to 5.2 while the plant results are summarized in 
Tables 2.0 and 2.1. There are no seasonal trends in pH evident from either of 
the sets of data, and raw water pH levels have remained relatively constant over 
the three year study period. 


Inorganic Parameters 


The only raw water inorganic chemical parameter measured at the plant is pH 
as described above. The inorganic chemical parameters relating to health and 
aesthetics that are measured by the Regional laboratory include iron, hardness, 
magnesium, sodium, alkalinity, chloride, sulphate, nitrate and nitrite. The results 
of raw and treated water analyses are contained in Tables 5.0 to 5.2. During 
the three year study period, the raw and treated water was consistently seen 
the desired limits of these parameters. 


Organic Parameters 


The raw water organic chemical parameters that are measured at the Regional 
laboratory include the total Kjeldahl nitrogen and dissolved organic carbon 
concentrations, both of which are aesthetic parameters. The health related raw 
water organic chemical parameters that are measured include various 
trihalomethanes, PCB’s,.organochlorides and pesticides. There were no organic 
parameters above the desired limits in both raw and treatéd water. 
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A.3.5 


A.4 


Alkalinity 


The raw water alkalinity i is stable and did not vary more than 11% over the study 
period. Raw water alkalinity varies from 93.3 to 103.3 mg/L as CaCO, which 
is typical for Lake Ontario. 


Hardness 


The raw water hardness is also quite stable and did not vary more than 10% 
over the three year period from 1984-1986. Raw water hardness varied from 
125.5 to 138.7 mg/L as CaCO, which is typical for Lake Ontario. 


MICROBIOLOGICAL WATER QUALITY 


There are no facilities available at the plant to conduct particle or algae counts. 
Since March 1986, bacterial counts and general chemical analyses have been 
performed on a weekly basis by the Regional Health Department located in 
Oakville. Previously these analyses were performed by the M.O.E. Laboratory. 
Tables 5.0 to 5.2 and 6.0 in the Appendix are monthly summaries of 
bacteriological testing for raw (and treated) water for 1984 - 1986. During 1986, 
there were 84 samples taken (42 raw and 42 treated) and the results of the raw 
water samples are summarized in Tables A2 and A3, as follows: 


TABLE A2 


BURLINGTON WATER PURIFICATION PLANT 
SUMMARY OF BACTERIOLOGICAL TESTING (1986) 


TOTAL COLIFORM 
MPN RAW 
Absent 0 
1 - 100 38 
101 - 5000 4 
>5000 0 
Total Number of Samples 42. 
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TABLE A3 


BURLINGTON WATER PURIFICATION PLANT 
SUMMARY OF BACTERIOLOGICAL TESTING (1986) 


FECAL COLIFORM 
MPN RAW 
Absent 0 
1 - 100 39 
101 - 5000 3 
>5000 0 
Total Number of Samples 42 


Throughout the three year study period from 1984-1986, the monthly raw water 
samples showed fecal coliform counts ranging from 1 per 100mL to 116 per 
100mL sample. 


A.5 - RADIOLOGICAL WATER QUALITY 


Radiological analysis is not performed on the raw or treated water at the 
Burlington Water Purification Plant. 


Burlington Water Treatment Plant Optimization Study - October 1991 


SECTION B 
FLOW MEASUREMENT 











Ontario Ministry of the Environment B-1 





B.1 


B.2 


B.3 


B.4 


SECTION B 
FLOW MEASUREMENT 
GENERAL 
Based on the information supplied to us by the Regional Municipality of Halton 


staff, we have prepared Tables 1.0 and 1.1 in the Appendix for raw and treated 
water flows for the period 1984-1986. Table B1 summarizes the flow metering 


CARPE at the Burlington Water Purification Plant. 


‘RAW WATER FLOW MEASUREMENT 


The two raw water venturi flow meters with Rosemount differential pressure 
transmitters in the low lift Station measure the rate of flow entering the 
flocculation tanks. 


Raw water rate of flow indication, recording and totalizing is performed 
continuously and is summarized every eight hours (3 times per day) by the plant 
operators, and on a continuous basis by the process computer. 


FILTERED WATER FLOW MEASUREMENTS 





Filtered water flow is measured by BIF and Gould differential flow units. There 
are a total of eight flow meters, one unit per filter. The flow is then totalized by 
the process computer. 


BACKWASH WATER FLOW MEASUREMENT 

The backwash pumps take filtered water from the clearwell and pump it 
upwards through the filter. The amount of water used during backwash varies, 
but is generally about 4% of the filtered water. 

The BIF flow meter signals are totalized to determine the amount of water used 


in the backwash process and this is recorded after every backwash. It is 
recorded on a continuous basis by the computer. 
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B.6 


TREATED WATER FLOW MEASUREMENT 


There are two short form venturi tubes, one on each 1050mm diameter 
discharge header leaving the high lift station. Each flow meter is independent 
and the individual flows are totalized on a continuous basis by the process 
computer. 


. In the City of Burlington the average day per capita production for the three 


years is as follows: 


1986 average day per capita production = 501 Lpcd (110 gpcd) 
1985 average day per capita production = 478 Lpcd (105 gpcd) 
1984 average day per capita production = 493 Lpcd (108 gpcd) 


VALIDITY OF RECORDS 


The monthly summary for raw and treated waters in Table 1.1 is a good 
indication of seasonal trends in water consumption. It is evident that the City 
of Burlington water consumption follows the general trend of higher 
consumption during the summer months. 


The plant data written on the daily log sheets show few discrepancies in raw, 


treated and backwash flows. 


The validity of the methods of flow measurement is limited to the accuracy of 
the flow meters used at the plant. The flow meters are calibrated when the flow 
readings are considered to be abnormal by plant operations staff. The 
preventative maintenance program takes care of calibration normally on an 
annual basis. Calibration consists of re-setting the zero and span adjustments 
on the differential pressure transmitters. 


Studies have been conducted to examine the accuracy of the flow meters 
throughout the plant. It has been concluded that the range on the treated water 
flow meters has resulted in significant errors at the lower end of the measuring 
range where the venturi tubes normally operate. The Regional Municipality of 
Halton will be commissioning a study to examine ways of improving the lower 
end accuracy of the treated water (high lift pumping station) flow metering 
equipment. A complete plant flow audit might ensure that the Were 

components are performing within accurate ranges. : 
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The plant data and other typical per capita flows for the local region are similar. 
The following are typical average day per capita flow rates for the Regional 
Municipality of Halton: 


Oakville 469 Lpcd (103 gpcd) 
Milton 450 Lpcd (99 gpcd) 
Acton 396 Lpcd (87 gpcd) 
Georgetown 517 Lpcd (114 gpcd) 


Total (Including Burlington) 441 Lpcd (97 gpcd) 


It is apparent that the average day per capita flow rates in Burlington are higher 
than the average for the Regional Municipality of Halton. It has been 
documented in other reports that the industrial contribution to consumption in 
Burlington is significantly higher than in other Municipalities. This would explain 
the higher level of per capita production recorded. Reference is made to the 
City of Burlington Water Distribution Update Study prepared by Simcoe 
Engineering Group Limited datéd September 1983, for further information. 


CONCLUSIONS 


The raw water flow measurement systems in the Burlington Water Purification 
Plant are generally operating consistently and accurately and calibration is 
performed on a regular basis. Treated water flow measurement, however, has 
been inconsistent and, therefore, it is recommended that the Region of Halton 
proceed with its investigation of the accuracy of the treated water flow metering 
system and make the necessary improvements. 
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C.1 


C.2 


C.2.1 


SECTION C 
PROCESS COMPONENTS 
GENERAL 


The following sections describe the present treatment process components of 
the Burlington Water Purification Plant. A plant layout indicating the location of 
the major process units is included in Drawing No. 2. A general schematic of 
the Water Plant is provided in Drawing No. 3, and a general process and piping 
block schematic of the plant operations is provided in Drawing No. 4. 

(Note: Drawing #4 is included as a fold-out at the back of the Report.) 


The Burlington Water Purification Plant operates as a direct filtration plant and 
the present process components include screening, low lift pumping, 
flocculation, filtration and high lift pumping with chemical treatment consisting 
of pre-chlorination and post-chlorination disinfection, coagulation using 
aluminum sulphate and polymer, fluoridation and, prior to December 1985, 
chlorine dioxide. 


DESIGN DATA 


Capacity 


The original water plant was constructed in 1935 and before the major 
expansion in 1983 had a capacity of approximately 110 ML/d (24 migd). The 
plant was expanded in 1983 to a rated capacity of 165 ML/d (36 migd) based 
on the Ontario Ministry of Environment Certificate of Approval but usually 
Operates at 110 ML/d (24 migd) capacity at maximum day and 48 ML/d 
(11 migd) capacity for average day. 


The highest output at the plant was 113.7 ML/d (25 migd) based on the flow 
data collected over the three year study period 1984-1986. 


The plant capacity varies seasonally due to lower lake levels in the winter thus 
lowering capacity through the gravity intakes. 


The 1935, 1950, 1954 and 1956 sections of the plant, i.e. filters 1 - 7, settling 
basins and high lift pumping station are no longer in service. 
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C.3.1 


C.3.2. 


PROCESS COMPONENT INVENTORY 
Intakes 


The raw water is taken from Lake Ontario on the principle of gravity flow 
through two intakes. An intake schematic is provided in Drawing No. 5. The 


‘ older of the two intakes installed in 1953 consists of a 762 mm diameter steel 


pipe extending 500 m into Lake Ontario, with a 3.7 m? intake crib submerged 
approximately 9.0 m at the winter low lake level of 73.62 metres Canadian 
geodetic datum. The newer intake pipe was installed in 1962 and consists of an 
1500 mm concrete pipe extending 734 m into Lake Ontario with a hexagonal 
intake crib submerged approximately 9.0 m at the winter low lake level of 
73.62 m Canadian geodetic datum. A 1.8 m x 2.1 m box conduit, 73 m in 
length connects the 1500 mm intake to the raw water well. The concrete raw 
water well is 14.0 m wide by 23.0 m long by 6.5 m deep and has a volume of 
1600 m° at top water level. As the level in the raw water well is drawn down by 
using the low lift pumps, water flows into the well from the lake through the 
intakes. The capacity of the intakes is limited by the maximum differential head 
obtainable between the lake and the raw water well. It has been calculated that 
the capacity of the 1500 mm concrete intake at the summer low lake level is 
207,000 m°/d (45.5 migd). The capacity of the 762 mm steel intake under the 
same conditions is approximately 50,000 m°/d (11 migd). 


There have been no reported problems of the presence of frazil ice during 1984- 
1986. At present there are provisions for backwashing the intakes. No 
chemicals are added directly in the intakes. É 


Screens 


There is one Link-Belt Model 45 travelling water screen, located between the 
intakes and the raw water well, which is used to prevent large debris, fish, etc., 
from entering the purification process. The screen is 1.5 m wide and has an 
overall height of 7.0 m. The screen is driven by a 0.75 KW electric induction 
motor. The waste from the screens is collected and hauled to a landfill site. 


The plant is also equipped with a manual screen and provisions are available 
for the future addition of a rotating screen. The manual screen has a capacity 
of 68,200 m°/d but is used in emergency conditions only. The travelling screen 
has a capacity of 182,000 m°/d assuming a maximum head loss of 122 mm 
through the screen at a minimum summer well level of 1.98 m or 73.000 m 
elevation. The Model 45 is designed to withstand a maximum difference in head 
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(between the front and back of the screen) of 1524 mm at the maximum water 
depth. 


Low Lift Pumps 


The low lift pumping station, consisting of six vertical turbine low lift pumps, 
transfers. water from the raw water well to the raw water header leading to the 
flocculation tanks and filters. 


The six low lift pumps discharge to two main headers leaving the station. The 
header is split into two lines. The first line originally served filters 1-7. This line 
is no longer in service. The other main header splits into two 900 mm headers 
(in the filter building) through filters 8-11 and through filters 12, 13, 14 and 16. 
Provisions exist for future filters 15 and 17. 


Water flows to the flocculation tanks through a 1050 mm concrete pressure pipe 
raw water transfer.main. On entering the filter building, this raw water main 
divides into two 900 mm stainless steel headers leading to the North and South 
banks of flocculation tanks.. Control for the low lift pumping is based on 
flocculation conduit level. 


| The method of raw water flow control is as follows. As the level in the 


flocculated water conduit rises, the flow control valve associated with the raw 
water header feeding that particular bank of flocculation tanks closes 
proportionally to reduce the flow (modulating control valve). If the control valve 
position is less that 30% then the operator or computer (depending on the 
control mode selected for these pumps) will shut off the most recently started 


pump. 


As the level in the conduit falls, the flow control valve opens. If the control valve 
position is greater than 70% then the next duty pump is started. 


Pump duty selection may be varied by the plant operator through the process 
computer. 


A summary of the existing low lift pumps is presented in Table C1. 
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TABLE C1 


BURLINGTON WATER PURIFICATION PLANT 
SUMMARY OF LOW LIFT PUMPING UNITS 


Capacity Head 
Year of m*/d m Motor 
Manufacturer Type Purchase (migd) (ft.) Voltage 
Layne & Vertical 26,363 37.5 
Bowler Turbine (5.8) 
Byron Vertical 22,273 7.5 
Jackson Turbine (4.9) 
Worthington Vertical 34,091 
Turbine (7.5) 
Worthington Vertical 17.1 
Turbine (56) 
Peerless Vertical 
Turbine | "eo 
Layne & : Vertical 40,909 
Bowler Turbine (9.0) : 


The total installed station c apacity is 269,000 m°/d (59.2 migd) and the firm 
station capacity is 178,000 m°/d (39.2 migd). A raw water low lift schematic is 
included in Drawing No. 6. Pump No. 3 is dual electric/diesel driven (Waukesha 
L5792 direct drive Diesel engine) capable of a capacity of 34,091 m°/d 
(7.5 migd). Under standby power mode, the low lift diesel generator set can 
supply power to all of the 550 volt pumps (1,2,3 and 6) with a total capacity of 
123,636 m°/d (27.2 migd). Failure of the Diesel generator would result in the 
direct drive unit on pump No.3 starting. 








ea 








C.3.4. Flash Mixing 


Flash mixing is accomplished by an in-line blender located at the discharge of 
the low lift pumping station, at a point immediately north of where the discharge 
headers meet, i.e., downstream of the pumping station. The in-line blender is 
an Instomix Model SH-0768, manufactured by Walker Process. The unit is 
1067 mm in diameter, 1.2 m in length, and is fabricated of standard weight steel 
pipe with welded flanged ends. The blender is powered by a 0.75 kW motor. 
The two impellers are 297 mm diameter 316 stainless steel. The calculated 
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G valve is 730 sec and Gt values are 560 at 120,000 jen and 900 at 
75,000 m°/day. 


Flocculation 


There are three concrete flocculation tanks, each with six chambers (two banks 
ofthree chambers each). Each chamber is approximately 4.85 m long x 4.85 m 
wide with a 7.9 m depth and has an effective volume of approximately 173 M. 

This results in a volume of 520 m° per pass or 1040 m® per tank. Each 
flocculation tank can be operated independently in order that one tank can be 
emptied for maintenance.. It is not necessary that both banks of chambers in 
each tank be used. Water is introduced tangentially at the bottom of the first 
chambers and flows upward. The spiral flow is maintained by staggered 
horizontal wood baffles. Water exits the first chamber through a 750 mm 
circular downpipe to the second chamber, where it enters tangentially. The 

second to third chamber route is similar. 


Tapered flocculation (decreasing velocity gradient) through each set of tanks is 
accomplished by increased opening size at the entrance to consecutive tanks, 
thereby reducing hydraulic loss, i.e. imparting less ene on entrance to 
successive tanks. 


The raw water is pumped from the low lift station to the flocculation tanks 
through the 1050 mm raw water header. Just prior to the tanks, the flow is split 
into two 900 mm stainless steel headers. Two parallel and independent 
flocculation systems are provided, comprised of two flocculation tanks on the 
south side of the plant and one flocculation tank on the north side. Flow to 
each side of the plant is regulated as described in C.3.3. 


Table C2 summarizes the detention time at rated plant capacity of 165 ML/d for 
ali three flocculation tanks, (total volume = 1040 m° x 3 = 3120 m’), and 
approximate velocity gradients calculated based on the formula for hydraulic 
mixing and flow through both ports in the flocculation tanks. 
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TABLE C2 


BURLINGTON WATER PURIFICATION PLANT 
FLOCCULATION DETENTION TIME AND G VALUES 


DETENTION VELOCITY GRADIENTS (G) 


FLOW TIME CELL 1 CELL 2 CELL 3 OVERALLG, 
(m°/day) (min) (sec) (sec ‘) (sec) 


165,000 27.2 40 25 15.9 -4.7 x 10° 


When the flow anticipated for the day is low, standard operating procedure is 
to bypass one or more flocculation tanks, to maintain approximately a 30-minute 
detention time. This ensures that the flocculation energy gradients are 
maintained at the design values indicated in the table above. 


Sedimentation : 


Sedimentation has not been utilized at the Burlington Water Purification Plant 
since the recent expansion completed in 1988. 


Filters 





Flocculated water passes into either the North or South flocculated water 
conduit, one servicing filters 9, 11 and 13, the other servicing filters 8, 10, 12, 
14 and 16. An interconnection is provided from the South to North conduits at 
the. east end of the filtration building. This interconnection (a 500 mm 
polyethylene pipe) is intended only for emergency use since its hydraulic 
capacity is approximately 3 mgd. It is used only if the North filters are in service 
with the South flocculation tanks in use, or vice versa, i.e. for special 
maintenance procedures. 


Each filter has a 1200 mm high by 600 mm raw water influent sluice gate in 
these flocculated water conduits. 


Eight filters are presently in use at the 2 Burlington Plant. Four were constructed 


in 1962 and have a bed area of 94 m? each. The remaining four, built in 1980, 
have a bed area of 130 m? each. The filters are constructed of concrete and the . 
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filter media consists of a 450 mm layer of anthracite above a 300 mm layer of 
sand. 


The analysis of core samples reported in the 1988 report by Gore and Storrie 
Limited, entitled "Evaluation of Process Components --Phase 1" indicates that 
filter 14 (representative of the most recently constructed filters) had 300 mm of 
anthracite, effective size 0.74 mm and uniformity coefficient 1.42, 50 mm of 
mixed anthracite and sand, and 300 mm of sand, effective size 0.57 mm and 
uniformity coefficient 1.32. At the time of construction, this filter contained 
300 mm sand and 450 mm anthracite (as did filter 12, 13, and 16). 


Filters 9 and 11 contained 50 - 75 mm mixed anthracite and sand, and another : 
450 - 500 mm sand, effective size 0.58 and 0.65 respectively, and uniformity 
coefficients 1.48 and 1.55 respectively. 


The support media consists of 300 mm of gravel in the following thicknesses: 


50 mm of 1.19 - 2.38 mm 
75 mm of 3.36 - 6.35 mm 
75 mm of 6.35 - 12.7 mm 
100 mm of 12.7 - 19 mm 


The filter underdrain material is unglazed vitrified fired clay pipe,. commonly 
known as the Leopold underdrain system. It comprises a total depth of 
250 mm. 


Each of the 1962 filters is rated for a capacity of 200 mL/s (2640 igpm) and . 
each of the 1980 filters is rated for a capacity of 300 mL/s (3960 igpm). All 
eight filters have a total rated capacity of 173 ML/d (26,400 igpm). 


Table C3 summarizes the design filter rates for the four smaller and four larger 


filters at the plant. MOE design guidelines suggest a maximum filtration rate of 
12.0 m/h (4.3 gpm/ft’). 
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TABLE C3 
BURLINGTON WATER PURIFICATION PLANT 
FILTER RATES 
FILTER AREA _FLOW RATE FILTER RATE TOTAL FLOW 
m2 (ft*) ML/d (igpm)  m/h (igpm/f) ML/d 
94 (1012) 17.3 (2640) 7.7 (2.61) 69.2 
130 (1400) 25.9 (3960) 83 (2.83) 103.6 


The filter influent sluice gates and back wash sluice gates are equipped with 
electric actuators that are controlled by the process computer. The filter system 
operates in the same manner whether under local, remote/local, or 
remote/CPU control. The fitters may be controlled by the operator or | 
automatically by the computer. Level in the flocculated water ‘conduit is 
transmitted to the main filter building control panel. 


A filter operational study is presently being carried out for all eight filters. 
The design elevations for the filters are as follows: 


top of box - 81.991 m 


top of water 81.600 m 
top of trough 81.206 m 
top of anthracite 79.175 m 
top of sand 78.725 m 
top of gravel 78.425 m 
top of underdrain 78.125 m 
bottom of box 77.875 m 


Table C4 contains filter data for turbidity, flow and backwash rates. 


Two backwash pumps are provided for the cleaning of the filters. The four | 
smaller filters require only one backwash pump for cleaning. Each backwash 
pump has a rated capacity of 86 400 m*/d against a head of 10.7 metres. The 
backwash cycle for the four larger filters typically consists of three minute low | 
wash at 15-44 m/h with one pump followed by a ten minute high wash at 66-84 
m/h with both pumps, then a two minute low wash. The backwash pump 
located in the new pipe gallery is powered by a 150 kW motor, whereas the 
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BURLINGTON WATER PURIFICATION PLANT 


FILTER DATA 


a eee 


Raw Water Turbidity Range (FTU) 
Effluent Turbidity Ranges (FTU)* 


Length Of Filter Run 


Headloss (Clean Bed/Dirty Bed) 


Flowrate 


Backwash Flow 


Filtered Water/Cycle 


Backwash Water/Wash 


0.48-62.0 based on daily averages of 9 readings per day (3 
readings per 8 hr.shïft). Readings obtained by operators using 
Hach turbidimeter 

0.08-1.20 based on daily averages of 9 readings per day (3 
readings per 8 hr. shift).Readings obtained by operators using 
Hach turbidimeter 

12-24 hrs. based on summer raw water quality and average flows 


0.6-2.0 m 


Filtration Rate 


Total . Filters Filters 


Flow 8-11 12,13,14,16 
110 ML/d 7.7 m/h ‘8.3 m/h 


low wash 300 L/s for 3 mins 
(1 pump) ~ 


high wash 800 L/s for 10 mins 
(2 pumps) 


low wash 300 L/s for 2 mins 
(1 pump) 


104-622 m°/m° range 
11.5 m°/m° average (larger filters) 


7.6 m°/m° average (smaller filters) 


= In addition to turbidity measurements taken by plant operators, there are eight filter effluent turbidity sample lines (one for 
each filter) with a continuous reading turbidimeter that samples each filter every 40 minutes for 5 minutes. The 4-20 mA 
output from this turbidimeter is connected to the central computer via the low lift RTU. 
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backwash pump located in the old pipe gallery is powered by a 187.5 KW 
motor. 


The backwash pumps take filtered water from the clearwell and pump it 
upwards through the filter. The amount of water used in the backwash process 
‘varies, but is generally around 4% of the filtered water. 


Backwash is initiated upon headloss, turbidity breakthrough or time of the filter 
run as explained in the Plant Operation Section. Discharge from each 

- backwash pump is metered and the amount of water used in the backwash 
process is recorded and totalized by the process computer. 


The backwash sequence and logic control is handled by the RTU in the filter 
gallery. Filter wash is initiated manually while all other functions are handled by 
automatic control programs resident in the filter/wash RTUs. 


The control panels local to each filter may also be used for a completely manual 
wash, i.e. individual open/close operations of every valve or sluice gate in the 
filter. 


There are three separate clearwells, as shown on Drawing No. 10. One 
clearwell (Cell 1) is below filters 8 and 10; one clearwell (Cell 2) is below filters 
9 and 11; and the third clearwell (Cell 3) is below filters 12, 13, 14, and 16. 


_Cells 1 and 2 are each approximately 16 m x 14 m, and Cell 3 is an irregular 
shape, approximately 20 m x 35 m plus 20 mx 15m. Based on the design top 
water levels in the clearwells, their total volume is approximately 4,200 m. 


Water from Cells 1 and 2 flow through separate conduits, west to east, into a 
common chamber. Water from Cell 3 flows into the same chamber, then 
through a flume below the clearwell Cell 3 into the high lift pumping station 
suction wells. 


The level of water in the clearwell(s) is used to control the filtration rate of filters 
feeding the clearwell below as follows. When the level of water in the clearwell 
is more than 300 mm below the design top water level, the filter effluent rate 
controller modulates the filter effluent valve to maintain the pre-set filter rate of 
flow. 


When the level of water in the clearwell enters the top 300 mm band, the pre-set 
filter rate is ’over-ridden’. The rate control valve controller then receives a 
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(A) 


control signal based on level only in the upper 300 mm band, and as the level 
rises the effluent valve is closed proportionately until it is shut off when the 
Clearwell is full. As the level drops in this 300 mm band the valve opens, until 
the level falls out of the 300 mm band at which time the pre-set filter rate 
resumes and maintains effluent flow. 


High Lift Pumps 


The high lift pumps draw treated water from the east and west suction wells and 
pump it to Zone 1 of the distribution system. The high lift pumping station is 
located adjacent to the filter building. There are six high lift horizontal split case 
pumps as described in Table C5. 


BURLINGTON WATER PURIFICATION PLANT 
‘HIGH LIFT PUMPS | 


TABLE C5 





CAPACITY HEAD 
PUMP OF m?/d m 
NO. MAKE PURCHASE TYPE _ (migd) (ft.) kW 
1 Ingersoll-Rand 1978 Horizontal Split Case 45 000 70.1 450 
(9.9) (230) 
2 Ingersoll-Rand 1978 Horizontal Split Case 91 000 70.1 825 
(20.0) (230) 
Ingersoll-Rand 1978 Horizontal Split Case 91000 70.1 825 
’ (20.0) (230) 
4  Allis-Chalmers 1967 Horizontal Split Case 27 000 64 300 
( 5.9) (210) 
5 Allis-Chalmers 1962 Horizontal Split Case 39 000 67 375 
(8.6) (220) 
6 | Ingersoll-Rand 1978 Horizontal Split Case 45 000 70.1 450 
(9.9) (230) 
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Based on the above, the high lift station capacity can be calculated as follows: 


1. Total Station Capacity: 338, 000 m°/day (74.4 migd) 
2. Firm Station Capacity: 247,000 m°/day (54.3 ame) 
(largest pump out of service). 


Control for the high lift pumping station is dictated by the water distribution 
demand. If the system is in automatic mode, pumps will be started and 
stopped as required. If the system is in manual mode, pumps must be started 
by manual control to the keyboard. 


The pumps will automatically be shut down if one of the following conditions 
does not permit the pumping unit to be operated under satisfactory conditions: 


1. pressure outside a pre-determined limit 
2. insufficient suction pressure 
3. insufficient flow 


Presently, the total standby capacity is 91 000 m?/d. Pump No. 3 is aire 
with a dual diesel/electric drive and Pump No. 2 has provisions for a diesel drive 
to be added if required. Based on this rate and, as indicated by the water 
production requirements and daily flows in Tables 1.0 and 1.1, in the Appendix, 
there is sufficient standby capacity to meet the requirements of the high lift 
Station of the water purification plant. A high lift pumping station schematic is 
provided in Drawing No. 11. 


Backwash Treatment & Sludge Disposal 


The filter backwash is treated through the on site wastewater treatment system 
which consists of a waste holding tank, air diffusers, an overflow to Lake 
Ontario, and a discharge to Sewage Pumping Station No. 9. Discharge of wash 
water with a solids concentration in excess of 15 mg/L is not permitted. A 
report entitled "Water Purification Plant Waste Disposal for Burlington, Ontario" 
was prepared by Simcoe Engineering Limited and the Region of Halton and 

provides a detailed account of the. backwash treatment. 


Waste from this plant will be of two types: — 


1. Material collected in the intake screen; 
2. Filter backwash water. 


Burlington Water Treatment Plant Optimization Study - October 1991 











Ontario Ministry of the Environment C-12 





The material collected on the screen, such as fish and large debris, are packed 
_ in heavy duty bags and hauled to a landfill site. These items are too coarse for 
disposal through the regular sewage system. 


The waste holding tank is located partially underground at the south end of the 
building. The tank is 29. 2 m long x 15.8 m wide and 5.7 m deep, with an 
effective volume of 2620 m°. The waste holding tank contains surges caused 
by the backwashing of the filters. 


Backwash from the filters is discharged to a 900 mm stainless steel pipe 
encased in concrete from two locations; one discharge from filters 9,11, and 13, 
the other discharge from filters 8,10,12,14, and 16. 


This waste transfer line has an isolating valve which when open allows 
wastewater to flow directly to the lake. When closed, wastewater is diverted 
through a flap valve into the waste holding tank. The isolating valve is 

controlled (open or closed) by the wastewater turbidity, so that only wastewater . 
with a turbidity below 15 FTU goes to the lake. 


An air header system using compressors as an air source keeps solids in 
suspension in the waste holding tank. There are four sets of air diffusers 
located 10 m apart. Each set consists of two 7 m lengths running the width of 
the tank. The headers are 75 mm diameter Sch.80 PVC pipe with drilled holes 
on the bottom. The diffuser air discharge range is 5.6 L/s (12 cfm) per diffuser. 


Monitoring of the level in the waste holding tank is accomplished by an 
ultrasonic device. The level is indicated at the main control room.. The air 
diffusers operate based on the level in the tank. 


The rate of flow out of the waste holding tank is controlled by a modulating 
valve positioned according to the level in the No. 9 Sewage Pumping Station wet 
well which is measured by an ultrasonic device. Wastewater is siphoned, not 
pumped, out of the waste holding tank by suction created by a 300 mm pipe 
flowing outside of the waste holding tank. When the level in the No. 9 Sewage 
Pumping Station is full, the wastewater flow from the waste holding tank is zero. 
The rate of flow out of the waste holding tank is measured by a magnetic flow 
meter. 


Burlington Water Treatment Plant Optimization Study - October 1991 


Ontario Ministry of the Environment C13 





C.4 


C.4.1 


CHEMICAL SYSTEMS 


The present chemical facilities are comprised of the storage and dispensing of 


- chlorine gas, aluminum sulphate (alum), polyelectrolyte (polymer) and 


hydrofluosilicic acid (fluoride). Until December, 1985 the chemical facilities also 
included sodium chlorite. 


All liquid chemical systems operate in a flow-paced mode where the speed of 
the metering pump is automatically varied to match the flow of water under 
treatment at the point of injection. For example, alum and polymer pumps are 
paced by low lift total flow; fluoride by high lift discharge flow. 4-20 mA signals 
generated by the plant flow meters are used through Beel SCR drives to 
modulate pump speed. The stroke of each pump can be adjusted remotely by 
a stroke position potentiometer (fed by a 4-20 mA output signal from the 
computer generated in response to a manually entered dosage value) to 
provide the desired dosage. | 


Chlorine 


Chlorine is used in the water treatment process for the disinfection of the water 
supply. Chlorine also serves to control taste and odour problems, prevent 
algae and slime growth, destroy phenols and hydrogen sulphide, oxidize 
manganese, nitrite and ammonia, and maintain a clean filter media: 


Chlorine gas is used as the source of chlorine at the Burlington Water Plant and 
is delivered and stored in one tonne cylinders in the chemical building. A pre- 

chlorination and post-chlorination summary is contained in Tables 3.0, 3.1, and 
3.2 in the Appendix. 


- Pre-chlorination (by the addition of chlorine gas) 


Pre-chlorination is a controlled dosage of chlorine added during the pre- 
treatment stages of the water treatment process. Chlorine is added to the 
water prior to flocculation via diffusers in the raw water well. 


The pre-chlorinator is a Pennwalt Wallace & Tiernan Model U25016 V-notch, 
V-800 series variable feed vacuum gas type chlorinator with a 907 kg/d 
(2000 Ib/d) capacity. The pre-chlorinator can supply 7.37 mg/L at a flow of 
123,000 m°/d which is the maximum day raw water pumpage recorded at the 
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plant. Based on past records of chlorine demand, the chlorinator is sufficient 
in size to meet the present maximum day chlorine demand of the raw water. 


The stand-by chlorinator is identical to the pre-chlorinator, and can supply 
chlorine to either the pre-chlorination or post-chlorination systems. 


The chlorine feed lines are Sch.80 PVC pipe, 25 mm diameter from the 
vacuum regulators to the chlorinators. From the pre-chlorinators to the 
rotameters and diffusers, the chlorine solution line is 50 mm diameter. 


The chlorinator uses a manually input setpoint originating from the computer 
in response to a setpoint entered by the operator. The Chlorinator is paced 
to flow. The residual is displayed in the control room and as the residual 
varies from the desired value, the operator adjusts the dosage setpoint 
accordingly. 


The chlorine system is located in two rooms in the chemical building on the: 
south side of the building. The chlorine cylinders are stored on trunnion rollers 
in the chlorine storage room. There is storage for 24 cylinders plus 3 spares. 
The weigh scale equipment is also located in this room. The metering pumps, 


_chlorinators and analyzers are located in an adjacent room. 


Under normal operation the required chlorine is drawn directly from four - 
1 tonne cylinders by vacuum through a remote vacuum regulator to the 
chlorinators. The chlorine system operates under computer control. The 
computer also monitors the chlorine tank weights and pressure and will send 
a low chlorine pressure alarm back to the RTU. 


The Wallace & Tiernan electric positioner provides for metering control in 
response to 4-20 mA dc signals over an operating range of 10:1 and a dosage . 
range of 25 to 200%. 


The Brooks Sho-Rate "75" rotameter Model 1305-6221 Flowmeter for chlorine 
dilution water has a capacity of 2 L/min (0.44 igpm). 


Post-Chlorination (by the addition of chlorine g as) 


Post-chlorination facilities are provided in order that further adjustments to the 
chlorine residual can be made, if required, prior to the water entering the 
distribution system. The post-chlorinator is a Pennwalt Wallace & Tiernan 
Model U26012 V-notch V-800 series variable feed vacuum gas type chlorinator 
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with a daily capacity of 227 kg (500 Ibs.). At a plant flow of 165 ML/d 
(36 migd), the post-chlorinator can provide up to 1.4 mg/L dosage. Since the 
post-chlorine dosages are normally less than 1 mg/L, the post-chlorinator has 
sufficient capacity. | 


Post-chlorination takes place as the filtered water leaves the Clearwells and is 
in the finished water influent channel, prior to entering the high lift suction 
wells. 


Post-chlorination is automatically controlled by the computer similar to pre- 
chlorination. The post-chlorination feed lines are Sch.80 PVC pipe 40 mm in 
diameter from the post-chlorinator to the rotameters and diffusers. 


The storage facilities for the chlorine used for post-chlorination is the same as 
those for pre-chlorination. The electric positioner and rotameter for the post- 
chlorination system is the same as for the pre-chlorination system. 


Aluminum Sulphate 


Liquid aluminum sulphate is added through the chemical feed ports of an in-line 
blender in the raw water header (see Drawing #8). Aluminum sulphate is used 
as the primary coagulant to de-stabilize any colloidal suspensions present in the 
raw water (turbidity) and, through the flocculation process, to agglomerate the 
suspended particles to the appropriate size for the following treatment stages. 
Three chemical metering pumps manufactured by Pennwalt Wallace & Tiernan, 
each with a maximum output capacity of 5680 L/d are used to feed alum. Each 
pump is Series 44, with a maximum discharge pressure of 75 kPa (125 psi) and 
powered by a 0.375 kW, 1750 RPM motor. At a plant flow of 165 ML/d 
(36 migd), the alum pumps can provide up to 22.5 mg/L dosage. 


The aluminium sulphate storage consists of two wood-stave, PVC lined sulphate 
solution tanks each of 40 m° capacity. The tanks are closed top with vent drain 
and sight glass. They are located in the chemical building. Both tanks are 
contained by a concrete berm but the berm is not large enough to contain the 
entire contents of the tanks. Each tank has a separate fill line which runs from 
the tank to the loading dock at the south-west side of the chemical building. 
Shut-off valves and tank level indicators are located near the dock. 


In general, the alum system operates under computer control. The speed of 


each pump automatically changes in proportion to the flow of water through the 
blender, i.e. raw water flow. The stroke of each pump is varied when the 
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chemical dosage needs to be altered. The Brooks Sho-Rate "75" rotameter for 
alum dilution water has a capacity of 83.3 L/min (18.3 igpm). 


Alum dosage is selected based on laboratory scale jar-testing and visual 
inspection with adjustments made to reflect the differences between test results 
and plant performance. 


Polymer 


The liquid polymer (Catfloc T as supplied by Calgon) is introduced to the raw 
water through the in-line blender at the same location as the aluminum sulphate 
namely in the east raw water header prior to the flocculation tanks. Two 
Pennwalt Wallace & Tiernan Series 44 chemical metering pumps, each with a 


capacity of 167 L/d, are used to feed the polymer. The maximum discharge 


pressure of each pump is 1035 kPa (150 psi) and each pump is powered by 
0.188 KW, 1750 RPM motor. At a plant flow of 165 ML/d (36 migd), the 
polymer pumps can provide up to 1.0 mg/L dosage. 


The entire polymer system is located within the polymer room of the chemical 
building. Polymer is delivered and stored in 204 kg (450 Ib) plastic lined drums. 
The chemical pumps transfer the liquid polymer directly from the drums to the 
application point. A sonic level transmitter positioned above the drum sends a 
level reading and low alarm signal to the polymer RTU. 


The system also contains a Brooks Sho-Rate "75" rotameter for dilution water. 
The capacity is 25 L/min (5.5 igpm). 


Under normal operation, the liquid polymer system operates under computer 
control. The speed of each pump is paced to flow, i.e. it automatically changes 
in proportion to the flow of water at the point in which the polymer is injected. 
The pump stroke is manually set by plant operators (remotely by the computer 
and a stroke positioner on each pump) to produce the desired dosage. 


Polymer is added at approximately a 10:1 aluminum sulphate to polymer ratio 


to aid in coagulation and flocculation. The actual dosage amounts vary with the 
raw water quality. The polymer dosage required for effective treatment can only 
be determined by evaluation of the process performance at any time, however, 
typically “low turbidity" operation will require polymer dosage in the range of 0.2 
to 0.5 mg/L. 
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Some years ago, for a short period, the raw water turbidity was high and ’very 
fine’ and experimentally a polymer dosage in the range 0.5 - 1.0 mg/L was 
applied. Filters 9 and 11 are reported to have exhibited clumping of the media, | 
probably as a result of this experimental procedure. 


Fluoride 

Fluoride, in the form of hydrofluosilicic acid, is added in the finished water 
channel immediately prior to the high lift station. The flow lagi is provided 
in Drawing No. 9. 


Two Pennwalt Wallace and Tiernan Series 44 metering pumps located in the 


_ fluoride room in the chemical building, each with a capacity of 1919 L/d, are 


used for acid feed. At a plant flow of 165 ML/d (36 migd), the fluoride pumps 
can provide up to 2.9 mg/L dosage. The hydrofluosilicic acid is stored in a 40 
m® wood-stave, PVC lined, closed top tank. The tank has a fill line that runs 
from the tank to the loading dock at the southwest side of the chemical building. 


‘Shut-off valves and level indicators are located near the dock. 


Fluoride feeds are designed to obtain a residual of less than 1.2 mg/L in the © 
finished water. Residual readings at the plant are usually 1.0 mg/L+ based on 
the three years of data available. 


SAMPLING 


The plant is equipped with sampling lines for raw water, treated water, the pre-- 
chlorine analyzer, the post- -chioane analyzer and filter effluent ake (from 
each filter). 


The raw water sample line is a 316 stainless steel pipe that runs from the raw 
water intake conduit before the screens to the plant laboratory. This sample line 
runs on a continuous basis. The raw water is analyzed for temperature; pH, 
ammonia and turbidity by the operators. 


The treated water sample line is a 316 stainless steel pipe that runs from the 
high lift pumping station header to the plant laboratory. This sample line runs 
on a continuous basis. The treated water is analyzed for temperature, pH, 
ammonia, turbidity, aluminum residuals, fluoride residual, and post-chlorine 
residual by the operators. 
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The pre-chlorine analyzer is fed by a PVC sample line on a continuous basis. 
The sample line draws the water from the raw water header prior to the 
flocculation tanks. The pre-chlorine analyzer is located in the chlorine room of 
the chemical building. 


The post chlorine analyzer is fed by a PVC sample line on a continuous basis 
by a sample pump. The sample line draws water from the high lift discharge 
header to the post-chlorine analyzer located in the chemical building. 


The filter effluent turbidity sample lines are black PVC. There are eight sample 
lines, one for each filter. A solenoid valve controls the sampling process 
whereby each line is run for five minutes per cycle. Each filter is therefore 
sampled once every forty minutes. The filter effluent turbidity is automatically 
entered into the process computer. The turbidity monitoring panel is located in 
the low lift pumping station. 


Table C6 details line sizes, flows, etc. All sample lines flow at a constant rate. 
PROCESS AUTOMATION 


The supervisory control and data acquisition system for the Burlington Water 
Purification Plant controls and supervises all aspects of the treatment plant and 
remote pumping stations using a fully distributed intelligence system. This 
system of computer-based terminal units provides the operation staff with the 
necessary inforrnation and tools to operate the plant with maximum efficiency. 


_ The control room contains two Nova 4-X minicomputers which provide the 


operators with multi-coloured graphic displays at the main console, and provide 
information to water operations management staff via telephone links to 
Regional offices. 


STANDBY POWER 

During any potential power interruptions or electrical emergencies that occur 
plant operations can continue. A 825 kW direct drive diesel SREIR AES high lift 
pump 3 at a capacity of 91 000 m°/d (20 migd). 


A separate 450 kW diesel generator set provides emergency stand-by power to 
the raw water and washwater pumps, as well as all chemicals and control 
systems. 


The central computer has a separate back-up power supply system. — 
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TABLE C6 
BURLINGTON WATER PURIFICATION PLANT 
SAMPLING SYSTEMS 
oo  TTET_—_—_—_——_ 0 aQaQggw—— 


SOURCE LENGTH/SIZE FLOW VELOCITY . TRAVEL TIME 
m/mm L/min m/s min 


—————— 


RAW WATER 30/25 10.0 0.34 15 
TREATED WATER 90/12.5 65 Mes 17 
PRE-CHLOR. | 35/19 : 90 0.53 1.1 
POST-CHLOR. 90/19 9.0 Hg 2.8 
FILTERS *80/12.5 50 0.68 : *2.0 


* Average value for 8 filters 
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SECTION D 


PLANT OPERATION 


GENERAL DESCRIPTION 
General 


The Burlington Water Purification Plant is a continuously operated, conventional 
custom-built direct filtration water plant. 


The production requirements for the plant range from a low 28.8 ML/d to a high 
of 113.7 ML/d during the three year study period of 1984-1986. The average 
day per capita production for the City of Burlington for the study period is 
approximately 500 Lpcd (110 gpcd) for a population of 116,000. 


The operators are in charge of monitoring the plant and distribution system. 
status, sampling, plant operation control, plant inspection and completion of 
daily log sheets. One of the operators holds the position of Lead Hand. His 
responsibilities also include handling customer complaints, and administration 
involved at the plant. The operators duties are supervised by the Plant 
Foreman, who has overall responsibility for the plant and water system. 


Operation 


The plant’s Supervisory Control and Data Acquisition system operates the plant 


and controls many of the process components. The plant can also be manually 
operated at any time. 


The Burlington Water Purification Plant is divided into an old and new section. 
The old section in not in use. The new section which has been described 
herein is staffed with six operations personnel, seven days a week, 24 hours a 
day (3 shifts of 8 hours each). 

FLOW CONTROL 

Low lift Pumps 


There is no control over the operation of the intakes. As mentioned previously, 
the intakes operate on the principle of gravity flow. 
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If the treated water flow requirements is increased, the level in the flocculation 
tanks will drop. Additional flow from the raw water low lift system will be 
required to maintain the level in the flocculation tanks. 


Flow from the low lift station is controlled by modulating valves on the twin raw 
water headers leading to the flocculation tanks. On the basis of level in both the 


- north and south flocculated water conduits, these valves are modulated to 


maintain a relatively constant level. When the control valves positions goes 
outside the 30-70% open range the next/previous duty pump is 
started/stopped. 


The two discharge headers leaving the low lift pumping station are combined 
immediately outside the station, Downstream of-this junction there is an.in-line 
blender for rapid mixing and addition of aluminum sulphate and polymer. There 
is no control of the in-line blender, as it operates at a constant speed. 


Manual control of the low lift pumps is accessible in three locations, CPU, RTU, 
or LOCAL. CPU manual control is accomplished by input commands directly 


_ through the keyboard in order to operate various components of the system. 


RTU manual control is accessed through the remote terminal unit in the low lift 


pumping station. In the event of extreme emergency, LOCAL control at each — 


specific piece of equipment may be utilized for operation. 
Flocculation 


The flocculation system receives water from the low lift pumping station header. 
The rate of supply is controlled by the level of water in the flocculated water 
conduit. This level is, in turn, controlled by the rate of flow through the filters. 


Each header has a venturi tube with flow transmitter and control valve. Flow 
through these venturi may be displayed in the main filter building control panel. 
Flow is automatically controlled as described above. Both raw water flows are 
summated, indicated and recorded by the control room computer. 


Each flocculation tank consists of two banks of three chambers each. Using 


‘ only one bank ensures that velocity through the system will remain high enough 


to prevent settling from occurring within the flocculation tanks, and ensures that 
velocity gradients are maintained as well. 
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The flocculation chamber influent butterfly valves and the effluent sluice gates 
are manually operated. Under normal operation they are maintained in an open 
position and are only closed for maintenance or cleaning of the tanks. 


Standard operating procedures are to reduce the number of flocculation tanks 
in service to maintain approximately 30 minutes retention time in the flocculation 
tanks, to ensure adequate velocity gradients. The ‘temporary’ connection 
between the North and South banks of flocculation tanks restricts flow from 
these banks to filters on the other side. Thus when flows are low an 
appropriate combination of filter and flocculation tanks is selected. 


Filtration 


In normal operation, the influent sluice gate from the flocculated water conduit : 
is opened and the filter drain gate is closed. These two gates are interlocked 


_ electrically so that the drain gate can only commence opening if the influent gate 


is closed, and the influent gate can only commence opening if the drain gate is 
closed. The filter drain gate and effluent valve are similarly interlocked. 


Filtered water passes through a venturi meter equipped with a flow transmitter. 
The filter rate of flow and filter loss of head signals are displayed at each 
individual filter control panel and at central control. The filter flow rate can be 
manually controlled by opening or closing the filter effluent valve from the filter 
control panel. | 


The filter system can be operated under local, remote/local, or remote/CPU 
control. Under local control, each of the filters are controlled individually at the 
filter location. Under remote/local control, they are operated from the control 
panel or locally. The remote/CPU control transfers the control of the filters to 
central control. The operator can operate any of the eight filters from the 
computer or the filters will operate automatically via a 4-20 mA setpoint entered 
by the operator and maintained by the computer. 


High lift Pumps 


There are two types of control for the operation of the high lift system. Under 
normal (automatic) operation, the high lift pumps start and stop as a function 
of level in the Washburn Reservoir (when in service), or by the level at the Brant 
Street Reservoir. If the system is in automatic, pumps will be started and 
stopped as required to fulfill demand based on predetermined duty selection. 
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If the system is in manual, pumps must be started by manual control from the — 


keyboard. 

In the Auto/Remote control mode, central control will automatically maintain 
sufficient levels in the reservoirs as well as sufficient pressure in the Zone 1 
system. 


Manual control is accessible from three locations, CPU, RTU, or LOCAL and is 
identical in nature to operation of the low lift pumps previously discussed. 


DISINFECTION PRACTICES 
Pre-chlorination 


Pre-chlorination disinfection is applied in the form of chlorine solution and is 


added to the water during the pre-treatment stages just after screening using : 


variable feed vacuum gas type chlorinators. The chlorinator used for pre- 
chlorination has a capacity of 907 kg/d (2000 Ib/day). The backup chlorinator 
has the same capacity. Water samples are obtained from the sample tap 
usually nine times daily by operations personnel in order to measure the free 
chlorine residual. The residual is measured using a Wallace and Teirnan titrator. 
The sample origin is (presently) the effluent line on filter #12. Any of the filters 
8-16 could also be used as a sample source. The amount of chlorine feed is 
determined by the raw water quality ahd flow. Pre-chlorine dosage was 
generally higher from June-September during the three year study. The daily 
average pre-chlorine dosage ranged from 0.25 to 1.78 mg/L over the three year 
period. The pre-chlorine dosage is based on compound loop control. 


Post-Chlorination 
Post-chlorination disinfection is applied in the form of chlorine solution and is 


added to the finished water as it passes out of the clearwell and prior to high 
lift pumping station suction wells. The chlorinator used for post-chlorination is 


‘a variable feed vacuum gas type chlorinator with a capacity of 227 kg/d 


(500 Ib/d) or up to 1.4 mg/L for a plant flow of 165 mL/d (36 migd). The back- 
up chlorinator has a capacity of 907 kg/d (2000 Ib/d) and also serves as the 
back-up pre-chlorinator. 


After post-chlorination, water samples are usually obtained from the high lift 


discharge header nine times daily in order to manually measure the free chlorine 
residual. | 
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An automatic chlorine residual analyzer determines whether the post-chlorine 
dosage is adequate or should be increased or decreased. Both the samples 
taken manually and the sample analyzed by the post-chlorine residual analyzer 
are drawn from the high lift discharge header immediately ahead of the high lift 
venturi chamber (the original fluoride addition point). There were no seasonal 
variations in post-chlorination dosage during the three year study. The daily 
average post-chlorination dosage ranged from 0.35 to 1.16 mg/L over the three 
year study period. The post-chlorine dosage is based on compound loop 
control. Generally the free chlorine residual leaving the plant is maintained at 
0.5 mg/L. 


OPERATION OF SPECIFIC COMPONENTS 
Intakes 


The use of the intakes is controlled by the sluice gates located between the end 
of the intakes and the raw water well. Opening or closing a sluice gate is the 
only means to start or stop the flow. Normally, the 1500 mm intake is used as: 
the primary intake and the 762 mm intake is used as a back up system or 
during periods of high demand. 


A system for backflushing the 1500 mm intake was installed during the 1977- 
1983 expansion. A 600 mm intake backflush line complete with 600 mm 
butterfly valve was installed from the 1050 mm raw water header leaving the low 
lift pumping station, to the raw water influent conduit. During backflushing, the 
1800 mm x 2100 mm sluice gate between the raw water conduit and the raw 
water wet well is closed, the butterfly valve is opened and the low lift pumps are 
operated. This causes a reverse flow of water through the intake. The 
backflushing system was installed to rid the intakes of frazil ice, but this 
condition has not occurred since the system was installed. 


There is no chemical addition involved in the operation of the intakes. Pre- 
chlorination takes place in the raw water well. 


Screenin 


There are two raw water screens located in the low lift pumping station, with 
provisions for an additional screen. 
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The travelling (rotating) screen is used as the primary screen and the manual 
screen is available for standby or emergency use should the travelling screen 
be out of service for any reason. 


The motorized travelling screen is self cleaning. The debris collected by the 
screen is washed from the screen and hauled to a local landfill site. 


The operators are responsible for regular cleaning, inspection and the routine 
maintenance of the screens through the preventive maintenance program. 


Low Lift Pumping 


Duty selection of the low lift pumps is done manually by the operator. The rate 
of flow requirement is dictated by the treatment process rate. As the level in the 
flocculated water conduit drops, additional flow will be required to maintain this 
level. 


Flash Mixing and Flocculation 


An in-line blender is used to inject the aluminum sulphate and polymer into the 
raw water header prior to the flocculation tanks. The rate of alum and polymer 
addition is proportional to the rate. of flow through the system and is 
automatically adjusted as flow changes. 


Each flocculation tank contains two banks of three chambers each. The 
operation of the flocculation system is flexible in that banks can be shut down 
for cleaning, maintenance or inspection during period of low water production 
requirements. 


The controlling factor is the result of jar testing of raw water and experience by 
the plant operators with regards to measured turbidity levels. These results will 
indicate whether both banks will be required. 

Filters 

The filters remove the flocculated material in the water leaving the flocculation 


tanks. The filtered water passes from the filter clearwell to the suction wells: via 
the finished water conduit where final treatment occurs. 
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Backwashing of the filters is initiated manually at one of the following events, 
whichever occurs first: 


- headloss in excess of 1.8 - 2.0 metres 
- effluent turbidity in excess of 1.0 FTU 
- filter run time in excess of 72 hours 


The filter run start-up and termination procedures are the same for all filters and 
are outlined below: 


1. Initiate the filter run by opening the influent valve to the filter to allow 
water onto the filter from the flocculated water conduit. 


2. Set the rate of flow desired for the filter. The rate of flow is set to 
supply the demand on the system plus extra flow to supply variations 
in demand and for backwash drawdown in the clearwell. 


3. The filters fill the clearwell to a point where a clearwell level override 
sensor overrides a setpoint of the filter controller and takes over 
controlling the rate of flow of the filters to ensure level control of the 
clearwell. | 


4. The filters can be run until they require backwashing. 
The filter backwashing procedure is as follows: 


i) The filter water is lowered below trough level, but not below the 50% 
expansion level. Normal level is 400-500 below trough level. 


ii) A5 minute low and 10 minute high backwash cycle is employed after the 
washwater influent gate is opened. The required pump is selected at the 
filter building main panel. 


iii) The wash rate valve is then adjusted from the filter control panel. The 
backwash pump automatically stops under the following conditions: 


a) it is turned off by the operator; 

b) the clearwell level is too low; 

c) the waste holding tank is full; 

d) the backwash pump timer has expired. 
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The waste water is directed to the waste holding tank where is will Sense be 
directed to the No. 9 Sewage Pumping Station. 


When the wastewater is below 15 mg/L suspended solids, it flows directly to the 
Roseland Creek. 


There is a problem in the spring due to run-off and infiltration into the No. 9 
pumping station. The demand on the station is constantly high during 
discharging from the waste holding tank in the plant. 


Clearwells and Suction Wells 


The clearwells are located directly under the filters, and the suction wells are 
located under the high lift pumping station. There is no chemical addition 
directly into the clearwells. The clearwells empty into the high lift suction wells 
via the finished water influent conduit. 


As the high lift pumps are operating, they draw treated water-from the suction 
wells. As the level in the wells decreases, filtered water from the clearwells is 
ey. into the suction wells. 


The filter clearwells can be cleaned, maintained or inspected after the 
appropriate filters have been locked out of service. Only one clearwell can be 
serviced at atime. When Well #3 requires service, water flows from Wells #1 
and #2 via a pipeline to the west of the clearwells can be isolated for 
maintenance purposes. 


Table D1 summarizes the effect of the drop in volume in the clearwells versus 
pumping rate. 
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TABLE D1 
BURLINGTON WATER PURIFICATION PLANT 
CLEARWELL CAPACITY VERSUS 


PUMPING RATE 
CLEARWELL TIME TO EMPTY 
PLANT FLOW VOLUME CLEARWELLS 
(m?/d) (m°) (Hour) 
25,000 4,200 4.0. 
50,000 4,200 2.0 
75,000 4.200 13 
100,000 4,200 1.0 


110,000 4,200 0.9 


D.4.7 High Lift Pumping 


There are six high lift pumps at the Burlington Water Purification Plant. High lift 
pump 3 is powered by a dual direct drive diesel/electric unit. The diesel drive 
is used as standby power in emergency situations. 


The rate of flow is dictated by the water distribution demand. The pumping 
units are capable of supplying well over the maximum day demand for the 
system which is 110,000 m°/d (24 migd). At times when demand is less than © 
maximum day, water is pumped to Washburn, Brant Street and/or Mount Forest 
Reservoirs. This provides water to the system at times of demand greater than 
maximum day. 


For each pumping unit, overrides are available which will not permit the 
pumping unit to be operated under unsatisfactory conditions. Overrides include: 


1. Pressure outside a pre-determined limit; 
2. Insufficient suction pressure; 
3. Insufficient flow. 


If any of these conditions occur, the pumps will automatically be shut down. 
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CHEMICALS 
Pre-Chlorination 


The pre-chlorination dosage is based on manually. input setpoint control, 
whereby, the desired chlorine residual is maintained where both flow and raw 


_ water quality vary. Chlorine dosage is determined by the raw water quality and 


anticipated flow. Sufficient chlorine is added to carry a free residual chlorine of 
about 0.2 - 0.3 mg/L through the plant to the clearwell. Over the three year 
period, the average pre-chlorine dosage ranged from 0.25 to 1.78 mg/L. 

Under normal operation, the chlorine system operates under computer control. 


The setpoints from the controller in the residual analyzer are entered by the 
plant operator and may be altered as conditions require. | 


Under manual control, the chlorinators are manually adjusted at the chlorinator 
itself. 


Particulate Removal 


The appropriate aluminum sulphate dosage is dependant on the raw water 


turbidity, temperature, alkalinity, pH and other raw water parameters. Only . 


empirical relationships exist for determining the appropriate alum dosage and 
regular jar testing is required to determine the dosage for the conditions. . 


The alum metering pumps discharge line connects to the in-line blender (in the 
low lift area). Dilution water is added to the alum at a rate of approximately 
22 L/minute to provide approximately a 50:1 dilution factor. The average alum 
dosage has ranged from 2.05 to 4.10 mg/L over the study period. 


Under normal operation, the aluminum sulphate system operates under 
computer control whereby the speed of each pump automatically changes in 
proportion to flow. The stroke of each pump may be altered when the chemical 
dosage needs to be altered. | 


The system may be operated manually whereby the speed and/or stroke of 
each pump can be altered at the pumps. 


From experience it has been calculated that the alum to polymer dosage ratio 
should be approximately 10:1. Typical “low turbidity" operation will require a 
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polymer dosage in the range of 0.2- 0.5 mg/L. "High turbidity" operation will 
require dosage in the range of 0.5 - 1.0 mg/L. Over the three year period, the 
average polymer dosage ranged from 0.22 to 0.65 mg/L. 


The liquid polymer (catfloc T) is diluted using a rotameter and is fed through the | 
in-line blender with the alum. The dosage can be automatically controlled by 
the computer or manually controlled similar to the aluminum sulphate system. 


The Region of Halton has expressed interest in bench-scale and plant-scale 
studies of polyaluminum chloride (PAC) vs alum and activated silica vs polymer 
to determine whether increased efficiencies or chemical cost savings would 


result. 


Post Chlorination 


Post-chlorination application is governed by the chlorine residual analyzer and 
finished water flow. The analyzer determines whether the post-chlorine dosage 
is adequate or should be varied. The post-chlorine facilities are controlled to 
obtain a free chlorine residual of 0.5 mg/L out of the high lift pumping station. 
The chlorine for post chlorination is diluted using a rotameter for dilution water. 


Water quality changes may affect the chlorine demand. Tests are performed in 
order to monitor the chlorine residual. This testing is done manually nine times 
per day and continuously by the residual analyzer; subsequent dosege control 
of the post-chiorinator may be manual or automatic. 


Fluoridation 


The required fluoride dosage is determined by the operator based on previous 
residual fluoride levels. The finished water sample line provides fluoridated 
water to be analyzed by the operator. The fluoride pump stroke positions are 
adjusted so that the finished water fluoride residual is approximately 1.0 mg/L. 
The fluoride pump speed is controlled automatically based on flow. 


The results of treated water fluoride dosages and residuals are summarized in 
Table D2 for the three year period 1984-1986. 
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TABLE D2 
BURLINGTON WATER PURIFICATION PLANT 
FLUORIDE LEVEL SUMMARY 
1984 1985 1986 
Dosage Residual Dosage Residual Dosage Residual 
*Maximum 0.70 1.18 ICI aS 0.62 ve 


*Minimum 0.31 0.88 0.29 0.87 0.21 0.90 : 
*Average 0.49 1.00 0.44 1.01 0.40 1.01 


* All units in mg/L 


Fluoride levels are measured daily at the plant using a spectrophotomer as 


well as at the Regional Laboratory on a weekly basis. The maximum . 


desirable concentration for naturally occurring fluoride is 2.4 mg/L, and 
where fluoridation is practised, the treated water concentration recommend 
is 1.2 mg/L. 


The hydrofluosilicic acid is diluted and the dilution water line is equipped with 
a rotameter. . 


SAMPLING AND DATA COLLECTION 


The operations staff at the Burlington Water Purification Plant sample the 
following water quality parameters: temperature, turbidity, pH, aluminum 
residual, nitrogen (as ammonia), fluoride residual, and chlorine residual. © 


The data recorded for the study period of 1984-1986 on raw and treated 
water is contained in the Appendix. 


Table D3 lists the test performed at the plant, the frequency and equipment 
used. 


The sampling and date collection results are either automatically or manually 
entered onto the process computer and are recorded by the operator onto 
the daily log sheet. 
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RAW WATER 
ANALYSIS — 


pH 

Ammonia 
Temperature 
Turbidity 
Pre-Chlorine residual 
FINISHED 

WATER ANALYSIS 
pH 

Ammonia 


Temperature 


Turbidity 


Aluminium residual 
Fluoride residual 


Post-chlorine residual 


TABLE D3 


FREQUENCY 

three times per day 
nine times per day 

‘nine times per day 


nine times per day 


nine times per day 


FREQUENCY 

three times per day 
nine times per day 
nine times per day 


nine times per day 


three times per day 


nine times per day 


nine times per day 


D-12a 


BURLINGTON WATER PURIFICATION PLANT 
IN-PLANT MONITORING 


METHOD 

HACH spectrophotometer 
HACH spectrophotometer 
Thermometer 


HACH turbidimeter 
(continuous reading) 


W &T chlorine titrator 


METHOD 

HACH spectrophotometer 
HACH spectrophotometer 
Thermometer 


HACH turbidimeter 
(continuous reading) 


HACH spectrophotometer 
HACH spectrophotometer 


W &T chlorine titrator 
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The data is a good indication of seasonal trends of raw water quality and 
chemical dosage requirements as well as an overview of plant performance 
and efficiency. The present lab equipment and supplies need to be 
upgraded so that sampling by the operators can continue with a reasonable 
degree of accuracy. 


PROCESS AUTOMATION 


The Burlington Water Purification Plant is equipped with a Supervisory 
Control and Data Acquisition (SCADA) system, which controls and 
supervises the treatment plant and remote pumping stations and reservoirs 
within the distribution system. The main console is located in the control 
room where the operators control and determine the status of various 
aspects of the plant. The data for the systems points, i.e. point 
identification, description, status, setpoint and control is summarized and 
recorded by the computer on a continuous basis. A printout of the system 
point summary can be acquired at any time by the operator. 


The information contained in the computer memory can also provide 
information to water operations management staff via telephone links to 
Regional offices. 


DAILY OPERATOR DUTIES 


The plant is staffed 24 hours a day, 7 days a week by operators with 
specific duties. Duties include plant operation and controls, routine plant 
inspection, process monitoring, sampling and data collecting, analysis and 
recording. 


An operator will check instruments and record the data three times per 
eight hour shift. A list of the checks and activities follows: 


- check and record aluminum sulphate, polymer and fluoride chemical 
pump speed and stroke, weight of chemical used, dosage, and residual 
(aluminum and fluoride only); 


- check levels in chemical tanks record raw and treated water temperature, 
pH, ammonia and turbidity levels, not taste or odours if present; 


- check pre-chlorination and post- “chlorination analyzers, chlorinators and 
rotameters; 
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- record pre-chlorine and post-chlorine dosage and residual, and weight 
of chlorine used; 


- record raw water, backwash water and finished water volumes; 
- check that the travelling screen is not clogged; 

- check low lift pumps, i.e. seal water, oil level, stuffing box-etc.; : 
- calibrate metering pumps if required; 

- Sees diesel generator if required; 

- check all valve positions; : 


- check levels in flocculated water conduit, filtered water conduit, 
Clearwells, suction wells, raw water well and waste holding tank; 
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SECTION E 


PLANT PERFORMANCE (PARTICULATE REMOVAL) 


‘TURBIDITY REMOVAL 


General 


The treatment process is direct filtration. Aluminum sulphate is used as the 
prime coagulant at the Burlington Water Purification Plant to de-stabilize any 
colloidal suspensions present in the raw water and to agglomerate the 
suspended particles to the appropriate size for the flocculation and filtration 
processes. A polyelectrolyte (polymer) is used as a coagulant aid to increase 
the rate and degree of flocculation. The operation of the particulate removal 
process is described in Section C - Process Components. 


PLANT PERFORMANCE (TURBIDITY) - 


The Burlington Water Purification Plant records, and the Ontario Ministry of the 
Environment laboratory analysis reports, as summarized in Tables 2.0 and 5.3 
in the Appendix, indicate that the raw water turbidity fluctuates, but under 
normal conditions the average level is less than 5 FTU. At times of higher 
turbidity, the Burlington Water Purification Plant has been able to effectively 
reduce turbidity levels to within Ontario Drinking Water Objectives. On four 
occasions in the three year study period the treated water turbidity level has 


exceeded 1.0 FTU, the highest recorded daily average valve being 1.20 FTU. 


The treated water turbidity ranged from 0.08 to 1.20 FTU over the study period. 
When turbidity levels are high, jar-testing is conducted on-site to determine 
aluminum sulphate dosages. A visual inspection of the floc in the flocculation 
tanks and the effluent from the filters is a good indication of whether the 
performance and dosage is satisfactory. The use of a streaming current 
monitor may aid in optimizing dosage. From the information contained in Table 
2.0, the average aluminum sulphate dosage for the three years from 1984 to 
1986 ranges between 2.05 mg/L and 4.10 mg/L based on monthly averages. 


Generally speaking, the aluminum sulphate to polymer dosage is at a 10:1 ratio. 
The actual polymer dosage required for effective treatment can only be 
determined by evaluation of the process performance at any one time. Polymer 
dosage is determined on a trial and error basis based on raw water quality, 


_ Burlington Water Treatment Plant Optimization Study - October 1991 


Ontario Ministry of the Environment E-2 


visual inspection and experience. From the information contained in Table 2.0, 
the polymer dosage for the three years from 1984 to 1986 ranges between 
0.22 mg/L and 0.65 mg/L based on monthly averages. The polymer injection 
location and mixing efficiency could be studied in order to increase efficiency. 


In order to fully evaluate the particulate removal efficiency of the plant, complete 
daily records need to be properly maintained for all the process components, 
namely: | 


Raw water turbidity; 

Finished water turbidity; 
Chemical dosages and residuals; 
Raw and finished water flows; 
Backwash flows. 


MEN TES 


Presently, all of these parameters are measured and recorded on a continuous 

basis by the SCADA system and central computer at the Burlington Water | 
Purification Plant and on daily log sheets by the operators. As a result the | 
efficiency of the flocculation and filtration processes can be assessed and the | 
overall treatment process can be evaluated. 


Table El is a particulate removal profile of the the plant from February 13, 1984 | | 
to February 17, 1984 and is an excerpt from Tabe 2.1 in the 6 APRES | 


TABLE E1 
BURLINGTON WATER PURIFICATION PLANT | 
PARTICULATE REMOVAL PROFILE 


TURBIDITY (FTU) COAGULANT COAGULANT PH TEMP 


DATE RAW TREATED DOSAGE AID DOSAGE TREATED  (C) 
(mg/L) (mg/L) 
Feb 13/84 46 0.26 2.32 0.23 7.4 TE 
Feb 14/84 10.0 1.20 DT 0.34 TEEN 5 | 
Feb 15/84 19.0 0.37 2.97 "0.33 750% 5 
Feb 16/84 38.0 1.17 4.53 0.82 74 4 
Feb 17/84 400 0.65 6.02 0.84 ARR 4 


| 
1 
| 
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The treated water turbidity on February 14, 1984 and February 16, 1984 was 
1.20 FTU and 1.17 FTU respectively, both of which exceed the Ontario Drinking 
Water Objectives. 


From February 13, 1984 to February 14, 1984 the raw water turbidity increased 
from 4.6 FTU to 10.0 FTU, an increase of 117%. The aluminum sulphate and 
polymer dosages were only increased slightly, 19% and 48% respectively. The 
treated water had high turbidity levels. : 


However from February 14, 1984 to February 15, 1984, the raw water turbidity 
increased from 10.0 FTU to 19.0 FTU an increase of 90%, the alum and polymer 
dosages remained consistent both days, yet the treated water turbidity 
decreased from 1.20 on February 14,1984 to only 0.37 on February 15, 1984. 
The response on February 15, 1984 cannot be explained without a particle size 
count being performed. 


Over the three day period it can be concluded that the response to the 
increased turbidity was slow. It may be that the increased turbidity was a result 
of increased smaller particles that would not easily agglomerate or filter out. 
The first day of increased chemical dosages had little effect, but after a second 
day, the treated water turbidity was lowered - possibly due to increased partical 
size and charge, hence the coagulation process was improved. 


However in the three day period from February 15, 1984 to February 17, 1984, 
the response was different. Two days of increased alum and polymer dosage 
resulted in a treated water turbidity of 0.65 FTU. 


Table E2 indicates the monthly average raw and treated water turbidity over the 
study period at the Burlington Water Purification Plant. 


Based on the monthly average results, it can be concluded that the plant 
consistently reduces turbidity levels to below 0.6 FTU with high removal 
efficiencies. 


An indication of proper coagulant dosage over the entire study period is the 
residual aluminum concentration in the treated water. The recorded data for 
treated water residual aluminum exists from February 1985 - December 1986, 
and is found in Tables 2.0 and 2.1 in the Appendix. Based on monthly 
averages, the residual aluminum range is from 0.01 mg/L to 0.05 mg/L. These 
good results stem from the use of a coagulant aid and hence a reduction in 
aluminum sulphate required for coagulation. A guideline to avoid problems 
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TABLE E2 


BURLINGTON WATER PURIFICATION PLANT 
AVERAGE TURBIDITY RAW AND TREATED WATER 





1986 Bere "1984 


RAW TREATED RAW TREATED RAW TREATED 
JAN. 1.26 0.18 2.51 0.16 "443° 20125 
FEB. 3.28 . 0.24 2.16 0.20 1413 0.35 
MAR. 236 022 . 3.27 0.19 744° 0390) 
APR 1.35 0.29 2.65 0.22 3.99 0.31 
MAY 0.95 0.36 1.10 0.33 2.41 0.29 
JUNE 0.89 0.31 1.07 0.35 2.22 - 0.37 
JULY 127 0.35 1.08 0.54 249 0.31 
AUG 1.21 0.23 2.22 0.48 3.20 0.56 
SEPT 1.41 0.29 3.64 0.28 3:78 0:33 
oct. 1.46 0.24 1.32 0.20 3.27 0.34 
NOV 1.21 0.23 3.15 0.29 3.28 0.25 
DEC 4.07 0.16 1.01 0.19 5.70 0.21 
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E.3 


E.4 


associated with aluminum is to maintain a residual below 0.10 mg/L as Al in the 
treated water. 


TREATABILITY TESTING 


Due to unusually low raw water turbidity readings, normally less than 4 FTU, jar 
testing is not performed on a regular basis at the Burlington Water Purification 
Plant but turbidity is measured nine times per day by the operators. 


When jar testing is performed due to high turbidity levels, the procedures are 
in accordance with the industry accepted practice - Standard Methods. These 
results are used to determine optimum aluminum sulphate and polymer 
dosages. 


OPTIMUM REMOVAL STRATEGIES 


Although, the Burlington Water Purification Plant has been able to effectively and 
consistently reduce turbidity levels to within the 1.0 FTU limit of the Ontario 
Drinking Water Objectives, it is desirable to strive to reduce trubidity levels to the 
lowest levels possible. 


In order to optimize the existing particulate removal process, and to be able to 
evaluate the efficiency of the flocculation and filtration processes, turbidimeter 
measurements and recordings should be made immediately after the 
flocculation process. Presently there is a sample line from the flocculated water 
conduit, through the chemical building and leading to the pre-chlorine residual 
analyser, (but not used for chlorine analysis). It should be investigated as to 
whether this line, is or could be, branched to the existing turbidity monitoring 
panel in the low lift pumping station. 


A filter media study was recommended during this study and has been 
implemented to determine effective size, depths and contours. The head loss : 
through the filters could be improved and possible filter run times, volumes and 
rates could be optimized. Problems have been experienced in the past with 
filter media loss as a result of backwash. An examination of individual filters will 
determine the present amounts of anthracite and sand within each filter. This 
investigation will help determine what effect the backwash rates, volumes etc., 
have had on the newer filters since they were first installed approximately five 
years ago. 
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PERFORMANCE (COLOUR) 


The results of the raw.and treated water colour levels over the three year study 
period from 1984 - 1986, are summarized in Table E3. 


TABLE E3 


BURLINGTON WATER PURIFICATION PLANT 
COLOUR LEVEL SUMMARY 


1984 1985 1986 


RAW TREATED RAW: TREATED RAW TREATED 
*Maximum 8.0 3.5 4.75 2.0 6.0 1.5 
*Minimum 3.0 1.5 2.0 <0.5 <0.5 <0.5 
*Average 5.5 2.5 2.94 1.0 2.9 0.7 


* All units in TCU 


The treated water sample results indicate effective colour level reduction through 
the process components. Colour analysis is not conducted on site but grab 
samples are noted for clarity on a regular daily basis. 


Because of low raw water colour levels and the success of the plant in 
producing low treated water colour levels, there is no need for on site colour 
testing. The tests performed weekly by the Regional Laboratory are sufficient 
to indicate colour levels. 


CONCLUSIONS 


Based on the raw and finished water turbidity levels recorded over the past 
three years, as summarized in Tables 2.0 and 2.1 in the Appendix, the plant 
produced treated water with turbidity consistently below 1.0 FTU with the 
exception of four days in the 3 year period or 0.4% of the time. The colour, 
fluoride residual and aluminum residual are well within the Ontario a Bribie 
Water Objectives. 


As noted in Section E.4, a filter media study was recommeded and has been 
implemented to determine depths, effective sizes, and uniformity coefficients of 
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the filter media as well as the extent of media intermixing. Review of the media 
should be an ongoing process at the plant. 
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SECTION F 


PLANT PERFORMANCE (DISINFECTION) 


GENERAL 


Chlorine gas is used as the source of chlorine for the processes of pre- 
chlorination and post-chlorination at the Burlington Water Purification Plant. 
Chlorine is used in the water treatment process for the disinfection of the water 
supply. The operation of the pre-chlorination and post-chlorination processes: 
are described in Section C - Process Components. 


LEVEL OF DISINFECTION 


The pre-chlorination chlorine demand is greater during the summer months for 
1984-1986 since the warmer water temperatures promote algae and bacterial 
growth. Table 6.0 summarizes three years of bacteriological testing conducted 
by the Regional Health Department. During this period, 140 raw water samples 
and 140 treated water samples were analyzed for total coliform, fecal coliform 
and fecal strep. The MPN of total coliform in the raw water are normally less 
than 100 (only 15 cases where the MPN of total coliform was greater than 100, 
and 1 case where it was greater than 5,000). In all cases total coliform was 
absent in the treated water. The MPN of fecal coliform in the raw water are 
normally.less than 10 (only 17 cases where the MPN of fecal coliform was 
greater than 10, and 3 cases where it was greater than 500). In all cases cea 
coliform was absent in the treated water. : 


The fecal strep levels of the raw water are normally less than 1 (only 26 cases 
where fecal strep was greater than 2, and 3 cases where it was greater than 
50). In all cases, fecal strep was absent in the treated water. 


The plant’s chlorination/disinfection process system is able to effectively reduce 


_ the bacteriological levels to well within the Ontario Drinking Water Objective of 


5 MPN for total coliform and 0 MPN for fecal coliform. 


From the information contained in Tables 3.0 and 3.1 in the Appendix, the 
Burlington Water Purification Plant has been able to maintain a desirable free 
chlorine residual in the treated water leaving the plant as well as effectively 
disinfect the water supply. The average monthly free chlorine residual of the 
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treated water for the three years from 1984 to 1986 varied between 0.30 mg/L 
and 0.65 mg/L after the post-chlorination process and averaged 0.52 mg/L over 
the three year period. Table F1 summarizes the yearly average pre-chlorination 
and post-chlorination demands, dosages and residuals at the plant for the three 
year study period. 


TABLE F1 
BURLINGTON WATER PURIFICATION PLANT 
DISINFECTION 
DEN Soo RES EU = PE CDD = 
1986 0.88 1.07 0.190 0.08 0.44 0.56 
1985 0.58 | «0.76 0.21 0.40 0.72 0.54 
1984 NA. 0.86 NA. NA. 0.56 0.46 


*All units in mg/L 


It is apparent that from 1985 to 1986 the pre-chlorination demand has 
increased, possibly a reflection of decreased water quality, and hence the 
dosage has had to increase to maintain the pre-chlorination residual. 


His important to note, however, that the post-chlorination demand has 
decreased substantially, hence lower post-chlorination dosages are required to 
maintain the treated water chlorine residual. 


The Ministry of the Environment analyzes for chlorinated by-products (total 
trinalomethanes including chloroform) on a weekly basis at the Burlington Water 
Purification Plant. There have been recent concerns with trinalomethanes since 
they are considered to be carcinogenic. The Ontario Drinking Water Objectives 
have set the maximum acceptable concentration of total trihalomethanes at 
350 ug/L. The chlorinated by-products in the treated water at the Burlington 
Plant are well within these guidelines. The average monthly total trihalomethane 
concentration of the treated water for the three year period from 1984 to 1986 
varied between <3 ug/L and 38.2 ug/L after the post-chlorination process. 
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Although the concentrations of total trihalomethanes for the period 1984 to 1986 
are well below the Ontario Drinking Water Objectives, it is important to reduce 
these chlorinated by-products to as minimal an amount as possible. This would 
involve optimizing the chemical dosages and residual chlorine levels. 


The weekly testing for chlorinated by-products by the MOE is adequate and it 
should be ensured that this practice continues. 


Due to the results of the disinfection processes at the plant over the three year 
Study period, as summarized in Tables 3.0 to 3.2, it would appear that no major 
modifications are necessary for the pre-chlorination and post-chlorination 
systems. It should be pointed out that due to the design of the plant and the 
location of the post-chlorine application point, there is very little chlorine contact 
time. In the past some bacteriological problems developed in the distribution 
system and these were corrected by re-chlorination from booster pumping 
stations in the system.. 


The possibility of considering other feasible alternatives, such as ozonation in 


order to reduce trihalomethanes, should be considered. 


CONCLUSIONS 


It is evident that the raw water is being properly disinfected; the treated water 
leaving the plant has a desireable chlorine residual and the concentrations of 
trihalomethanes are well below the Ontario Drinking Water Objective Guidelines. 
The chlorination processes are efficient and monitoring and sampling are done 
on a regular basis with good records kept. 


The lack of post-chlorination contact time has been raised as a concern and this 
could be addressed by changing the point of chlorine application so that 
chlorine is added to the clear wells. Another option would be to provide 
additional capacity /detention time in the high lift pump suction wells. This may 
not be a problem since post-chlorination is only a process for increasing the 
residual from a low value to the desired value of + 0.5 mg/L, i.e. disinfection has 
already been finished by the time the water reaches the High Lift Pumping 


_ Station well. The chlorination contact time is really from when pre-chlorine is 


added approximately 2 hours before the water reaches any consumer. 
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SECTION G 


IMMEDIATE AND SHORT TERM MODIFICATIONS 
GENERAL 


In this section of the report, we have examined the necessary immediate and 
short term process modifications to optimize the disinfection and particulate 
removal efficiencies of the plant. 


The immediate modifications include all works required to be implemented as 
soon as possible, whereas the short term phase includes all works required 
within the next two years. The following recommended modifications or studies 
have been categorized into either the immediate or short term phase. It is 
important to note that at the time of publication of this document, certain 
recommended modifications and studies may have been initiated and/or 
completed. a 


_ IMMEDIATE MODIFICATIONS 


Filter Media Study 


A filter media study should be implemented to determine filtration efficiency. 
The filter media study would involve media sampling to determine depths, 
effective sizes and contours of the media. The sampling would also determine 
if there is any sand and anthracite intermixing and how this problem could be 
rectified if it exists. There is evidence of an oily scum residue on the filters and 
media sampling could determine whether media replacement is required. The 
implementation of additional agitation into the backwash process should also be 
investigated. 


Backwash Evaluation 
An evaluation of the efficiency of the backwash should be conducted. 


Investigation will include studying the feasibility of air scour and air/water 
backwash sequence and timing. 
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G.2.3 


G.2.4 


G.2.5 


G.2.6. 


G.3 


G.3.1 


Coagulant Study 4 


It is recommended that both bench-scale and plant-scale modelling and studies 
of poly-aluminum chloride versus aluminum sulphate as the primary coagulant 
and polymer versus other coagulant aids such as activated silica be conducted 
to determine which is best suited for this plant. . 


Polymer Study 


The effectiveness of the existing coagulant aid system (the use of polymer) 
should be studied. The study should include an investigation of the polymer 
injection location as well as the mixing efficiency of the polymer and alum. The 
possibility of mixing the polymer and alum prior to injection should be studied 
as well. 


Plant Flow Audit 


A complete plant flow audit is recommended to ensure that the measuring 
components in the plant are performing within accurate ranges. Operations 
personnel at the Burlington Water Purification Plant have had considerable 
problems in the past in obtaining an accurate correlation of low lift and high lift 
flows throughout the plant. | 


Streaming Current Monitor 


The addition of a streaming current monitor (SCM) located following the 
coagulant addition point, could assist in determining the optimum dosages of 
aluminum sulphate for coagulation. Dosages would be automatically or 
manually adjusted and the SCM would respond to changes in raw water 
turbidities and flow rates. A study to determine its effectiveness and advantages 
should be implemented. : 


SHORT TERM MODIFICATIONS 

Chemical Tanks 

During the water plant optimization study plant inspection, it was noted that the 
hydrofluosilicic acid tanks and the aluminum sulphate tanks are bermed, but if 
a leak did occur, the berms will not contain the entire contents of the tanks. 


These tanks are PVC lined wood stave tanks and the wood stave tank is liquid 
tight. There are weep holes near the bottom of the wood stave tanks to provide 
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G.3.3 


G.3.4 


G.3.5 


G.3.6 


an indication of any leakage in the interior liner. These should be monitored 
regularly. 


Replacement of Mercu witche 


The Region designed and installed a plant flood override system since the last 
plant expansion. The system contains approximately 15 mercury float switches 
at various locations throughout the plant. It is recommended that all mercury 
switches located in the clearwells and filters be replaced, possibly by probes. 
It is not advisable to have mercury filled float switches in the potable water 


supply. 
Laboratory Equipment 


There is a lack of proper laboratory equipment at the Burlington Water 
Purification Plant. New glassware such as beakers, flasks, test tubes, etc. are 
required. Presently there is a limited supply of such equipment so certain 
testing cannot be conducted as often as desired. There is also a need for 
upgrading the jar testing equipment and the Hach spectrophotometer. 


Upgrading of Filter Effluent Turbidity Monitoring 


The filter effluent turbidity monitoring needs to be upgraded. Presently each 
filter is monitored for five minutes, every forty minutes. This is not sufficient to 
allow optimizetion of particulate removal. An in-line continuous monitoring 
system for each filter is recommended. 


Taste and Odour Control Study 


A complaint recording format was first established in 1984. In 1985, 33 quality 
complaints were received. In 1986, 56 complaints were received of which 48 
were taste and odour. It is recommended that a study be implemented to 
evaluate the use of powdered activated carbon and/or granular activated 
carbon at the plant for taste and odour control. 


Study of Waste Water System 


Operations personnel have had problems with the existing wastewater system. 
The problems occur in spring when run-off and infiltration at the No. 9 Sewage 
Pumping Station are high and thus discharging of the holding tank at the water 
plant puts a large demand on the pumping station. When this happens there 
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is a possibility that backwash water with greater than 15 mg/L suspended solids | 
will be returned to the lake. It is therefore recommended that this system be 
reviewed to determine if the infiltration problem at the Sewage Pumping Station | 
can be corrected. 
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SECTION H 
LONG TERM MODIFICATIONS 
GENERAL 


In this section of the report, we have examined the long term process 
modifications to optimize the disinfection and particulate removal efficiencies of 
the plant. 


The long term phase includes all works required to be implemented within the 
next five years. 


LONG TERM MODIFICATIONS 


Investigation of Plant Hydraulics 


An overall investigation of the plant hydraulics should be conducted after the 
implementation of the short term modifications as described in Section G. 
Presently, during special maintenance procedures the plant experiences 
problems with a flocculated water conduit restriction between the South 
flocculation tanks and the North filters and vice versa. As a result, it has been 
difficult to supply sufficient quantities of water to certain filters during these 
times. A stucy to examine the flocculation tank hydraulics and retention times 
is in order. This study would determine if the tanks are working adequately and . 
which portion of the tanks should be utilized for different levels of flow through 
the plant. | 


Installation of Additional 
Flocculation Tanks and Filters 


Additional flocculation and filtration capacity will be required in order to increase 
the flow through the plant, and improve operations efficiency. As part of the 
1977-1983 expansion of the plant, provisions were made for two additional filters 
and flocculation tanks to be built on the north side of the plant. 
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H.2.4 


Post Chlorination Contact Time 


The chlorination system should be reviewed to determine if it is necessary to 
provide increased post contact time. This could involve the relocation of the 
application point to the clearwells or provision of additional pump suction well 


capacity. 
Emergency Contingency Plan 


An emergency contingency plan should be drafted for the Burlington Water 
Purification Plant. This plan would provide operators with more information with 
which they can react to in an emergency situation.. The development of a 
software package to simulate plant problems for operator training and to 
optimize the operators input for process control is required. The emergency 
contingency plan would also incorporate an emergency spills plan. 
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TABLE 1.0 


RAW AND TREATED WATER FLOWS (ML/d) 
1984, 1985, 1986 
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TABLE 1.1 


TREATED WATER 
DAILY FLOWS (ML/d) 1984, 1985, 1986 
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